The adsorption of crystal violet (CV) from aqueous solution by sugarcane bagasse (SCB), an agroindustrial residue, was investigated in a batch experimental setup. A two level four factor (2 4 ) full factorial central composite design (CCD) with the help of Design Expert Version 7.1.6 (Stat-Ease, USA) was used for adsorption process optimization and evaluation of interaction effects of different operating parameters: agitation speed (80-180 rpm), initial solution pH (4.0-8.0), initial dye concentration (100-200 mg L -1 ), and adsorbent dose (2-5 g L -1 ). A multiple coefficient of determination (R 2 ) value of 0.98, model F value of 266.36 and its low P-value (<0.0001) along with lower value of coefficient of variation (2.70%) indicated the fitness of the response surface quadratic model developed during the present study. Numerical optimization applying desirability function was used to identify the optimum conditions for maximum removal of CV. The optimum conditions were found to be agitation speed ¼ 165 rpm, initial solution pH ¼ 8.0, initial dye concentration ¼ 200 mg L -1 and adsorbent dose ¼ 2.0 g L -1 . A confirmatory experiment was performed to evaluate the accuracy of the optimization procedure and maximum CV removal of 93.21% was achieved under the optimized conditions.
INTRODUCTION
During recent years, the release of synthetic dyestuffs into the aquatic ecosystems through the wastewater streams of industries (textile, leather, paper, printing, food, cosmetics, paint, pigments, petroleum, solvent, rubber, plastic, pesticide, etc.) has emerged as a worldwide serious environmental problem (Saha et al. ; Chowdhury et al. ) . Dye residues or their metabolites can have toxic, carcinogenic and mutagenic effects on flora, fauna and human beings (Saha et al. ) .
The presence of dyes in water can also prevent sunlight penetration, thereby affecting photosynthetic activity and dissolved oxygen concentration (Chowdhury et al. ) .
Crystal violet (CV) is a well known textile colorant (Chakraborty et al. ) . It also finds application in the manufacture of paints and printing inks (Saha et al. ) .
However, a considerable amount of the used dye enters the water resources through industrial wastewaters. The dye is non-biodegradable and environmentally persistent, and has therefore been classified as a recalcitrant molecule (Chakraborty et al. ) . The dye has been found to have cytotoxic and carcinogenic effects on mammalian cells and can also cause severe damage to the cornea and conjunctiva (Saha et al. ) . Therefore, the treatment of effluents containing such dye is extremely necessary for the protection of both human and public health, and the natural environment. 
EXPERIMENTAL Preparation of adsorbate solutions
The CV used in this study was of commercial quality (CI 42555, MF: C 25 H 30 N 3 Cl, MW: 408, λ max : 580 nm) and was used without further purification. Stock solution (1,000 mg L -1 ) was prepared by dissolving an accurately weighed quantity of the dye in double-distilled water. Experimental dye solution of different concentrations was prepared by diluting the stock solution with a suitable volume of double-distilled water. The initial solution pH was adjusted using 0.1 M HCl and 0.1 M NaOH solutions.
Preparation of adsorbent
The SCB used in this study was collected from a nearby sugarcane mill of Durgapur, West Bengal, India. The bagasse was first washed thoroughly with distilled water to remove any adhering dirt and any unwanted particles and dried at 343±1 K for 24 h in an oven drier. The bagasse was then crushed and grounded using ball mill and sieved to a constant size (100-125 μm) and stored in sterile, air tight glass bottles and used as adsorbent without any pretreatment for CV adsorption.
Optimization of adsorption process by response surface methodology
Optimal conditions for maximum removal of CV were estimated by applying a standard RSM design called the CCD.
In the present study, four parameters (agitation speed, initial solution pH, initial dye concentration and adsorbent dose) were chosen as the independent variables while the percentage dye removal was selected as the dependent output response variable. The experimental range of the independent process variables are listed in Table 1 . In order to investigate the behavior of the adsorption system over the entire variables space and to locate the region where the response reaches its optimal value, a quadratic model based on the following was used: 
Adsorption studies
Batch adsorption experiments were carried out in 250 mL glass-stoppered, Erlenmeyer flasks by adding desired quantity of the adsorbent in 100 mL dye solution of desired initial concentration and pH. The flasks were agitated at a constant speed in an incubator shaker (Innova 42, New
Brunswick Scientific, Canada) at 303±1 K for a predetermined time (180 min). All the experiments were performed as per the scheme described in Table 2 . The residual amount of dye in each flask was investigated using UV/ VIS spectrophotometer (U -2800, Hitachi, Japan). The percent removal (%) of CV (response) was calculated using the following equation:
where C i is the initial dye concentration (mg L -1 ) and C 0 is the final dye concentration in solution (mg L -1 ).
In order to ensure the reproducibility of the results, all the adsorption experiments were performed in triplicate, and the average values were used in data analysis. 
RESULTS AND DISCUSSION
The analysis of variance (ANOVA) is essentially used In addition, a regression analysis of the model equation (Table 4) shows that the main effects of agitation speed, initial solution pH and initial dye concentration and the square effects of initial solution pH and adsorbent dose were highly significant (P < 0.0001).
Interaction effect of adsorption process variables
In order to study the interaction among the different independent variables and their corresponding effect on the response, contour plots were drawn (Figures 1-6) . A contour plot is a graphical representation of a three-dimensional The combined effect of agitation speed and initial solution pH on CV removal is shown in the contour plot of Figure 7 shows a ramp desirability that was generated from 10 optimum points via numerical optimization. The best local maximum was found to be at agitation speed 165 rpm, The equilibrium adsorption data obtained from the confirmatory experiment were fitted to the Langmuir and Freundlich isotherm models (Chowdhury & Saha ) .
Langmuir:
The Langmuir constants, q m and K L , were determined from the slope and intercept of the plot of C e /q e versus C e while the Freundlich constants K F and n were estimated from the intercept and slope of log q e versus log C e (figures not shown). The Langmuir isotherm model showed excellent fit to the equilibrium adsorption data (R 2 > 0.99) than the Freundlich model (R 2 < 0.95). The suitability of the Langmuir isotherm model suggests that the adsorption is monolayer. The maximum adsorption capacity, q m was found to be 82.96 mg g -1 while the Langmuir constant, K L was estimated to be 7.34 L mg -1 . The Freundlich isotherm constants, K F and n were calculated as 26.57 (mg g -1 )
(L mg -1 ) 1/n and 5.03, respectively. The value of n is significantly higher than unity indicating that the CV adsorption behavior of SCB can be considered as favorable.
A list showing the adsorption capacity of various adsorbents including SCB for adsorption of CV from its aqueous solution is given in Table 5 . It is clearly evident that the maximum adsorption capacity of SCB for CV is comparable and significantly higher than other low-cost adsorbents reported.
CONCLUSION
In the present study the optimum operating parameters for adsorption of hazardous CV dye by SCB was determined Langmuir isotherm, was 82.96 mg g -1 ; which is significantly higher than those already reported in the literature for other adsorbent materials. Overall, it can be said that the application of RSM is an effective approach for optimization and modeling of the adsorption process.
